This paper outlines an approach to constructing a Dynamic Housing Affordability Index (DHAI) that reflects the anticipated cost of owneroccupied housing and performs well in tracking changes in the demand for homeownership and other aspects of the housing market. Our index is grounded in the user cost theory and influenced by variations in the price of housing, mortgage interest and property tax rates, property insurance, transaction costs, and depreciation and maintenance. It takes into account the benefits from U.S. income tax deductions for mortgage interest and property taxes, and considers the role of expected house price inflation in reducing the cost of housing. We show that the DHAI is correlated with national and regional consumer sentiment which reflects the demand for owner-occupied housing, regional and metropolitan statistical area (MSA) homeownership rates, housing market characteristics including housing starts, and sales of new and existing housing. There is evidence that the DHAI performs better than other popular measures of affordability.
Introduction
This paper develops a new measure of the affordability of owner-occupied housing; specifically, one that incorporates the forward looking aspect of the decisions of households of whether to own or rent. The new measure differs from existing affordability indexes and our empirical work shows that it is correlated with a measure of the demand for homeownership and other aspects of the housing market.
Affordability measures have an ad hoc nature; however, linking a measure to economic theory is desirable. Our review of the literature suggests that a wellfounded measure is the "owner cost" of housing. Owner cost combines information about the price of housing and the "user cost" per dollar of investment in housing. We use this concept to guide our development of a new affordability index that builds on existing affordability indexes such as the Housing Affordability Index (HAI) of the National Association of Realtors (NAR). The primary focus of our analysis is the time from the first quarter of 2007 to the third quarter of 2014; however, we also extend our index back to 2003 to capture the boom in the housing market.
Our measure, designated the Dynamic Housing Affordability Index (DHAI), theoretically improves on existing indexes in multiple ways. First, it accounts for the tax benefits of homeownership due to the federal income tax deductions for mortgage interest payments. Existing affordability measures generally ignore the tax benefits for households that itemize deductions and thus tend to understate affordability. Second, our index includes the cost of property taxes and the associated federal tax deduction benefit. Third, our index includes the effect of expected house price changes on the affordability of housing.
The DHAI is in some ways similar to the existing HAI of the NAR and the Housing Opportunity Index (HOI) of the National Association of Home Builders (NAHB). For example, at the national level in the 2003 to 2014 period, the correlation of the DHAI with both indexes is 0.50. Their time trends are similar except early in this period; this difference is due to changing house price expectations. The correlation of the HAI and DHAI for the Census regions is 0.55. The two measures are most dissimilar in the South region, where the DHAI indicates housing is more affordable than does the HAI. The overall correlation of the indexes at the metropolitan statistical area (MSA) level is 0.52 (HAI and DHAI) and 0.59 (HOI and DHAI). The DHAI is higher (thus indicating greater affordability) than the HAI in Boston, Denver, San Diego, San Francisco, and Washington, D.C., which is the result of relatively high expectations of house price appreciation in these metro areas.
We test the correlation of the HAI, HOI, and DHAI with measures of the demand for owner-occupied housing and homeownership rates at the national, regional, and MSA levels. Our indicator of the demand for homeownership is a consumer sentiment variable obtained from the Survey of Consumers. All of the affordability indexes are significantly correlated with this measure of the demand for homeownership. However, none of the indexes is positively correlated with the national time trend in homeownership from 2003 to 2014, even when credit conditions are taken into consideration. However, all are highly correlated with cross-sectional variations in ownership at the regional and MSA levels. The DHAI is significantly correlated with housing starts and sales of existing and new single family homes, while the HAI and HOI are not during our sample period. The primary difference among the indexes is our inclusion of house price expectations in the DHAI. Our findings suggest that house price expectations are sensible to include in an affordability index of owner-occupied housing.
Literature Review and Background
The literature on the affordability of owner-occupied and rental housing is extensive (see Haurin, 2016 , for a detailed review of the literature). Purposes identified for affordability measures include: 1) indicating the ability of a typical household to purchase a typical house (or, in some cases, the ability of a typical first-time home buyer to purchase an entry-level house), 2) guiding public policy interventions, especially ones targeted toward making homeownership more affordable to low income households, and 3) indicating the cost of housing relative to the fundamental cost of building a home. These purposes differ greatly. Our focus is to create an affordability measure that varies over time and space, is forward looking, and is related to the ability of households to become and remain homeowners.
Conceptually, the literature contains four approaches to the measurement of housing affordability. One computes the ratio of a measure of annual housing costs to household income. The second approach is based on the concept of "residual income", which is the amount of income left after paying for housing. This value is then compared to an arbitrary standard that lists values of income deemed adequate for non-housing expenses. The third approach compares the current cost of existing housing to the cost of new construction, excluding land. The fourth is based on a measure of "owner cost", which relies heavily on the "user cost" concept derived from the economic theory. User cost represents the cost of owner-occupied housing per dollar of house value.
Measures of affordability based on the ratio of housing costs to income vary from a simple ratio of median house price to median household income to more complex measures such as the HAI. Components of the HAI include the median price of a home, median family income, the mortgage interest rate, and assumptions about the down payment percentage (20 percent), the term of the loan (30 years), and the appropriate percentage of the income of a household that can be spent on housing (25 percent). Criticisms of this measure include its focus on median values and the omission of certain factors discussed in more detail below.
The residual income approach compares the income of a household that remains after paying for housing expenses to an ad hoc standard of funds required for non-housing expenses. In general, this approach is most appropriate if the focus is on low income households and their ability to obtain shelter. An advantage is that the residual income standards can vary by household size and location. One disadvantage of this approach is that the residual income standards are ad hoc; however, they can be related to the poverty guidelines or other standards such as those used by the U.S. Veteran's Administration. Another problem with this approach is the acceptance of the amount of housing expenditures of a household as the appropriate amount. For example, a household that voluntarily chooses to spend a high (low) proportion of its income on housing due to its strong (weak) preferences for housing rather than other consumer goods could be judged to have unaffordable (affordable) housing simply due to its consumption choice. One fix for this problem is suggested by Stone (2006) , which involves detailed specifications of the "appropriate" amount (or minimal amount) of housing for a household, then pricing this set of housing characteristics and developing a cost estimate. 1 The result is that the residual income approach is both complicated and somewhat arbitrary. Glaeser and Gyourko (2003) state "To us, a housing affordability crisis means that housing is expensive relative to its fundamental costs of production-not that people are poor." They argue that house prices are the appropriate measure, not housing expenditures. They assert that affordability should be measured as the ratio of house prices to housing construction costs.
2 An advantage of this measure is that its components are exogenous, not influenced by the choices of a household. However, the exclusion of income from the index changes the commonly accepted concept of affordability.
The literature about owner and user costs is extensive (Rosen and Rosen 1980; Hendershott and Shilling 1982; Titman 1982; Hendershott and Slemrod 1983; Poterba and Sinai 2008) . 3 The ratio of owner costs to rental costs has been successfully used to predict the likelihood of a household becoming a homeowner for the first time, and the aggregate homeownership rate and its changes in a locality, region, or nation (Linneman and Wachter 1989; Bourassa 1995; Haurin et al. 1997; Díaz and Luengo-Prado 2008) .
We argue that all of the components of owner costs deserve attention when creating an affordability index of owner-occupied housing. A commonly used 1 The pricing could be accomplished by using a hedonic price model. 2 Their measure of construction costs excludes land costs, which likely reflect the amount of local amenities. 3 A review of this literature from an international perspective is in Bourassa et al. (2015) . simplified expression of owner cost for the U.S., assuming itemization of deductions on federal income taxes, is:
where V is a measure of the constant-quality price of owner-occupied housing.
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The mortgage interest rate is r, tp is the property tax rate on housing, d includes annual depreciation, maintenance and hazard insurance costs, T is the transaction cost of buying and selling a dwelling, he is the expected duration of stay (holding period) in the dwelling, and πe is the expected rate of house price appreciation. This equation simplifies the owner cost by assuming that the opportunity cost of equity financing is the same as the cost of debt. It also assumes that mortgage interest and property taxes are fully deductible from income taxes. Thus, their cost is reduced by ty, which is the marginal income tax rate of a household. The tax rate varies with income. For the tenure choice decision of a household, the appropriate tax rate in (1) may be lower than the marginal tax rate; for example, it is zero for households that use the standard deduction. Regarding the decision of how much housing to consume, the marginal tax rate is the appropriate concept. 5 Factors included in owner cost but not included in the HAI measure are property taxes, the federal income tax deduction for mortgage interest and property taxes, depreciation, maintenance, hazard insurance, transaction costs, and expected house price inflation.
The literature discusses the use of median values when constructing housing cost to income ratios. Often noted is the fact that the ratio could be constructed at other percentiles of the house price and income distributions. One concern with these more detailed computations is data availability, especially timely data on the full distribution of household incomes.
6 Another concern about the use of the median house value is that the focal dwelling very likely changes in size over time (Hendershott and Thibodeau 1990) . That is, when using median values, the quality and quantity of dwellings are not held constant. Dwelling size increased through 2007, thus the affordability of dwellings that were the median size in 1990 would be understated in 2007. The same issue occurs when comparing affordability across space at a point in time. Specifically, the physical characteristics of median priced dwellings in California very likely differ from those in Ohio. Various methods, usually related to the use of hedonic price indexes and the creation of a constant-quality house price, have 4 The V term allows the price of housing to vary spatially and intertemporally, but holds the quantity of housing constant. This formulation is standard in the specification of owner costs and solves the problem of the endogeneity of housing expenditures. 5 In the general case, ty is referred to as the tenure choice tax rate (Hendershott and Slemrod 1983) . 6 An example of the use of household survey data to measure affordability by taking into account the distribution of incomes and other factors is provided in Bourassa (1996) . Unfortunately, surveys and censuses are generally not useful for constructing affordability indexes because they are conducted infrequently. been proposed as remedies. A final theme in the literature is that measures such as the HAI report as an indicator of affordability for the median income household, while an alternative is to report the percentage of households that are able to meet a specific housing cost to income ratio. For example, one could report the percentage of households in the U.S. that have an income greater than the "required income". Below, we include the HOI of the NAHB in our comparison as it reports this percentage.
The literature has considered many types of factors that could affect housing affordability. Fisher et al. (2009) correctly note that house prices include the value of locational amenities, thus median house prices differ in part because of amenity differences. They argue that housing affordability should not be influenced by variations in local amenity levels. This issue could be addressed by using the hedonic price approach mentioned above, but would require measuring the amount of local amenities in all locations covered by the affordability index. That would be a difficult task. Bourassa (1996) argues that the age and wealth of the household head should be incorporated in affordability measures. Coleman (2008) discusses the impact of inflation on housing affordability, noting the problem with "tilt". The argument is that a high expected rate of inflation results in a high nominal mortgage interest rate. If the mortgage type is a level payment fixed rate mortgage, then a high interest rate results in a relatively high deflated (real) mortgage payment at the beginning of the mortgage, which tends to decrease affordability. Inflation can also be an important factor in affordability as inflation and expected house price inflation are related and price expectations influence owner costs. The Center for TransitOriented Development and Center for Neighborhood Technology (2006) and Hamidi, Ewing, and Renne (2016) incorporate transportation costs in a housing affordability measure, noting the well-known trade-off between housing costs and accessibility to work, school, and shopping.
3.
Affordability Index Definitions and Data Sources
DHAI Definition and Measurement
Our measure of affordability is based on the owner cost approach to measuring housing costs. We follow the primary thrust of the literature and define affordability as a ratio of income to the cost of housing by using the assumption that housing is affordable when a household spends 25 percent of its income (y) on housing. 7 Our measure is defined as:
where y is the median family income and the owner cost is defined in (1).
8 Our definition requires that we measure the price of housing, mortgage interest and property tax rates, household income and income tax rates, depreciation, maintenance, hazard insurance, and annualized transaction costs, and expected house price inflation. We create DHAI measures at the following geographical levels: national, the four census regions, and 20 MSAs. The criteria for our selected MSAs include diversity of location and population size.
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The first component of owner cost in (1) is the price of housing. Rather than use the median price of housing, we calculate the constant-quality price. To create cross-sectionally comparable price indexes, we estimated a national hedonic price regression by using data from the 2000 Census (1 percent sample) drawn from the Integrated Public Use Microdata Series (Ruggles et al. 2010) . 10 We used the results to create a year-2000 cross-sectionally comparable house price index, with the characteristics of the house set equal to the national median characteristics. The geography for our constant-quality house price indexes includes national, regional, and MSA levels. This year-2000 index was then combined with the Federal Home Finance Agency (FHFA) purchase-only quarterly MSA time series index to create a cross-sectionally and intertemporally comparable index of the price of owner-occupied housing.
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Interest rates are derived from the Freddie Mac Primary Mortgage Market Survey for conventional single-family 30-year fixed rate mortgages. Similar to the assumption in the HAI, we assume a single value at all locations at a point in time. The literature on the mortgage interest deduction (MID) is reviewed in Bourassa et al. (2013) . Recent empirical literature argues that in localities with an inelastic supply of housing, the MID is capitalized into house prices. The HAI measure includes this capitalization effect of property taxes, if present, because the median house price is included in the HAI calculation. However, the HAI does not include the benefit of the MID in reducing the cost of housing by reducing taxable income. In contrast, the DHAI incorporates both effects of the deduction for mortgage interest.
Property taxes are obtained from Tax Foundation calculations based on the 2007-2009 American Community Survey. We use the effective tax rate (property tax payment divided by house value) for the central county in each MSA. For the census regions and the U.S., we use the national average effective tax rate of approximately 1 percent. 9 We do not go below the MSA level because the variables required for our index are not available in a timely way for smaller geographies. 10 Details about the data sources, including web addresses, are provided in Appendix 1. Explanatory variables in the hedonic included the number of rooms and bedrooms, their squares, and a vector of age dummies. The dependent variable was house value as the transformation to logged values performed less well in this data set. 11 The nine FHFA census divisions were combined into four census regions and using the annual population estimates of the Census Bureau as weights (quarterly population estimates were interpolated).
Household income is required for two reasons. First, income is directly required in the measure of DHAI. Second, we must determine whether households itemize deductions and, if they do, their marginal federal income tax rates; this is required to measure the tax benefit that results from mortgage interest and property tax deductions. We use median family income, although other percentiles could be used depending on data availability. The median incomes for MSAs are from the U.S. Department of Housing and Urban Development income limits database, while those for the Census regions and the U.S. are 1-year estimates from the American Community Survey.
We calculate the marginal income tax rate, ty, for a household with the median income for that specific location.
12 The marginal income tax rate is derived from the TAXSIM tool of the National Bureau of Economic Research (Feenberg and Coutts 1993) . For MSAs, the marginal tax rate is the sum of the federal and state marginal tax rates (using the rates for the state in which the central county of the MSA is located). For the census regions and the U.S., the marginal rates are the federal rates and an assumed 3 percent average state rate. In all cases, we assume a married couple with two dependent children, wage and salary income only, and deductions for state income taxes, mortgage interest, and property taxes. The MID assumes the interest is on a mortgage that finances 80 percent of the value of the constant-quality house at the current interest rate. The property tax deduction is the effective property tax rate multiplied by the constant-quality house value. The TAXSIM program also determines whether the household is eligible to itemize deductions or should take the standard deduction. If they take the standard deduction, then ty in (1) is set to zero.
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Annual depreciation and maintenance costs are assumed to be 2.5 percent of the house value (Harding, Rosenthal and Sirmans 2007) . Transaction costs are assumed to be 8 percent of housing costs (Smith et al. 1988; Haurin and Gill 2002) and the expected holding period is assumed to be 15 years (Emrath 2009) with a discount rate of 2 percent, which yields an annualized transaction cost of 12 A referee commented that there is only a single U.S. tax code and thus relatively little spatial variation in the marginal rate. Our marginal tax rates are typically only 15 percent in MSAs in states that do not tax income (Florida and Texas, in our sample) compared to as high as 31.4% in Washington, DC. Furthermore, during our sample period, there was relatively little intertemporal variation; however, there are periods when the tax code changes substantially and these changes would result in substantial intertemporal variation of the marginal tax rate (one example is the 1986 tax reform). 13 Our values of the DHAI are based on two assumptions regarding the tax treatment of property taxes and mortgage interest. For households that itemize, we assume that state income taxes, property taxes, and mortgage interest are fully deductible at the marginal tax rate of a median income household. If the standard deduction is optimal, there is no tax benefit of the deductibility of mortgage interest and property taxes; thus we set the tax rate to zero. The median income household itemizes in 61.5 percent of our MSA observations. 0.6 percent.
14 Hazard insurance costs are assumed to be 0.05 percent annually based on median hazard insurance premiums and median house values reported in the National Summary Tables of the 2013 American Housing Survey.
The owner cost measure includes expected house price appreciation. The assumption is that potential and existing homeowners form expectations about the future course of house prices and that their tenure choice decision is influenced by these expectations of future house prices. Thus, in periods when home price expectations are relatively high, buyers perceive that their cost of ownership is lower (and affordability is higher) than do similar home buyers when home price expectations are relatively low (Case and Shiller 2003) . These assumptions are similar to those made for any investment good; purchases depend not only on the current price but expected future prices.
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Inspection of (1) yields the observation that owner costs linearly change with house price expectations. While this is similar to the relationship of owner costs with depreciation and maintenance costs, those costs are relatively stable. In contrast, house price expectations can change rapidly over time (e.g., within a year), especially during a housing boom or bust. We note that mortgage interest rates also fluctuate, sometimes substantially, over time. For example, from 1990 to 2003, the annual average mortgage interest rate changed by more than one percentage point from one year to the next during about half of the period (Freddie Mac 2015) . However, since then, mortgage interest rates have been relatively stable. House price expectations likely are similar, exhibiting substantial fluctuations during periods of housing boom and bust, but being relatively stable otherwise.
One could question the accuracy of the house price expectations of households; however, we argue that this is not a relevant question. 16 Certainly expectations are inaccurate, likely by a large amount just before the turning points in a house price cycle. The relevant question is whether households act on their current expectations. Manski (2004, Section 7) summarizes the use of expectations data to predict behavior, and points out that relatively few studies exist, but there is supportive evidence that expectations matter (see also Kwan and Cotsomitis 2004) . Additional evidence that economic actors respond to house price expectations is observed on the supply side of the housing market, where builders begin construction during periods when they expect future prices to be high. However, there is a substantial lag between the start of construction and 14 Other values could be assumed for duration, but the user cost would vary only by a small amount. Duration varies by marital status, age, and region (Marlay and Fields 2010) . In 2004, 46 percent of the current duration of stay of adult homeowners was at least 10 years, the average of course being larger than 10. 15 A theoretical treatment of housing as an investment good is developed in Henderson and Ioannides (1983) . 16 Manski (2004, Section 6) summarizes various ways that the accuracy of expectations data has been measured. completion of dwellings. At the end of a boom period, builders are left with large inventories because they did not anticipate the future decline in demand and falling prices. Clearly, they acted on their price expectations even though these expectations turned out to be inaccurate.
A final concern about the use of house price expectations in the computation of an affordability measure involves the timing of the capital gains or losses in house value. If prices are expected to decline, current user cost increases and thus current demand falls. In contrast, if house prices are expected to rise, user cost falls and current demand should rise, but there is a question whether this demand can be expressed by households in the market. The specific concern is about credit constraints. If down payments are relatively low and mortgage payment to income constraints are relatively lax, then high potential demand likely is expressed in increased market demand as it was during the 2000-2006 housing boom. However, if credit markets are tight, then even if a household believes homeownership is the optimal investment due to high expected price increases, it may not be able to express this demand. We conclude that the key issue with this concern is about credit availability, not whether house price expectations are influential. In our empirical work, we address this concern by controlling for credit availability.
Theoretically, it is clear that house price expectations influence owner costs; however, expectations are difficult to measure. We are aware of occasional cross-sectional surveys of house price expectations prior to 2003, and they are for a highly limited number of metro areas (Case et al. 2012) . However, given the importance of price expectations to the formation of the house price bubble in 2000 to 2006, surveys began asking about house price expectations in 2007. Our primary source is the Survey of Consumers, a monthly national survey of about 500 respondents. 17 This survey is the source of the well-known Consumer Confidence Index. Two questions were asked about house price expectations, one being for the short run and the other a longer run measure. The short run question is: "By about what percent do you expect prices of homes like yours in your community to go (up/down), on average, over the next 12 months?" The second measure is more relevant for decisions about whether to own a home: "By about what percent per year do you expect prices of homes like yours in your community to go (up/down), on average, over the next 5 years or so?" Our DHAI measure uses the longer term expectations measure. An advantage of this wording of the survey question is that the respondent is directed to estimate the price change for his or her community, not simply nationally. The disadvantage of this data source is that the number of respondents tends to be thin when applied at the sub-regional level. Thus, for our MSA level DHAIs, we use the regional house price expectation of the MSA as an input.
18 17 This survey also produces house price expectations for the four Census regions. A defense of the use of survey responses of individuals' expectations in economic research is contained in Manski (2004) . 18 Sample size is also increased when we aggregate the monthly surveys to quarters.
Alternative sources of house price expectations data exist, one being a survey of experts published by the Wall Street Journal (WSJ). The experts are asked about house price expectations over a relatively short time period (1 to 2 years) and are asked only about the national level. The survey started in 2007 and is quarterly. 19 A second panel of 100 experts is surveyed by Pulsenomics (previously the S&P/Case-Shiller survey); however, this quarterly survey began relatively late in 2011. It reports expectations that range from one to five years. A fourth survey of house price expectations also from Pulsenomics began in the first quarter of 2014 and is biannual thereafter. It is large, with about 500 respondents in each of the 20 MSAs. We use the results from two waves of this survey to compare its estimate of price expectations in 10 MSAs to those from the Survey of Consumers.
HAI Definition and Measurement
The HAI measure of the NAR is defined as (National Association of Realtors 2013):
where m is the monthly payment on a median priced house (V):
In (4), the interest rate is for a 30 year fixed rate conventional mortgage. Other assumptions in the HAI include defining an affordable mortgage payment as 25 percent of the gross monthly income of a household and the household making a 20 percent down payment on the home (i.e., the household has 20 percent equity in the home).
HOI Definition and Measurement
The NAHB publishes the Housing Opportunity Index (HOI) that measures affordability as the share of home sales "in a metropolitan area for which the monthly income available for housing is at or above the monthly cost for that unit". Monthly income is the median for a metropolitan area and households are assumed to spend 28 percent on housing. Monthly costs include repayment of principal and interest (with additional assumptions including a 10 percent down payment and 30 year fixed rate mortgage), property taxes and insurance. House price is derived from monthly records of sold properties in a locality, and thus not a constant-quality measure.
Housing Market
The likelihood of a household becoming or being a homeowner depends not only on the demand side attributes specified above but also on various lender specified requirements including the minimal down payment and the maximal debt to income ratio. Any specific assumption about the down payment percentage could be viewed as problematic given it is well-known that typical down payment requirements changed substantially over the 1990-2013 time period. Note that the DHAI measure does not make an assumption about the down payment percentage. A justification is that the full version of the owner cost expression in (1) includes the cost of the amount mortgaged and the opportunity cost of the amount of the down payment. If the mortgage interest rate and the opportunity cost of the down payment are the same, then the percentage down payment is not a relevant factor with respect to the owner cost. Furthermore, owner costs are not a direct function of total debt to income ratio.
We address the issue of changes in the constraints of lenders by including a separate measure of credit market tightness in the estimation of homeownership rates. It has been shown that lender credit requirements were relaxed during the housing boom (Mian and Sufi 2011) and subsequently tightened. We use one of the components of the Zillow Mortgage Access Index to measure the credit environment. Zillow describes this measure as "Using Fannie Mae Loan Acquisition data, we tracked the lowest 10th percentile of borrower credit scores (CS10). CS10 gives a sense of which borrowers were on the cusp of denial in a given month. Rising CS10 values indicate tighter lending standards. See http://www.zillow.com/research/zillow-mortgage-access-index-9099/. Alternative measures of credit tightness are available from Zillow including 1) "the proportion of loans with 20 percent or more down that are non-conforming (those that cannot be sold to a GSE, meaning the risk must remain on the lender's books)"; 2) a measure of "how many quotes a Zillow Mortgage inquirer with a credit score between 600 and 640 receives compared to an inquirer with a credit score of 760 or higher"; and 3) an overall index based on seven measures. These measures of credit tightness are highly correlated with the credit access variables that we use (-0.94, -0.88, and -0.98 respectively). The CoreLogic Housing Credit Index is also very highly correlated with the Zillow credit access variable. 21 A separate question is the typical time lag in creating an affordability index. All of the indexes must await the release of component data parts or use estimated values. Income
Descriptive Results
Of interest is the relationship of observed and expected house price inflation listed from the survey responses. Figure 1 displays the relationship at the national level, with two measures of observed prices: the FHFA and the S&P/Case-Shiller Price Index and three measures of expected house price inflation: WSJ, and Survey of Consumers 1 and 5 year annual house price changes.
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Figure 1 U.S. House Price Expectations and Observed Price Changes
The FHFA and Case-Shiller house price series follow similar paths (their correlation is 0.98), but the Case-Shiller index is more volatile as a result of the different compositions of the surveyed properties. 23 The WSJ price expectations series is less volatile than the observed price indexes and tracks changes in price indexes well (the correlations are 0.91 with Case-Shiller and data with geographic detail are reported once per year with a substantial lag, FHFA house prices once per quarter with less of a lag, and interest rates monthly without much of a lag. The major difference among index components is that the DHAI requires a measure of house price expectations; however, that reporting lag is only two months. 22 The Case-Shiller national index is described as "a composite of single-family home price indices covering the nine U.S. Census divisions. As the broadest national measurement of home prices, the index captures approximately 75 percent of U.S. residential housing stock by value" (see http://us.spindices.com/index-family/realestate/sp-case-shiller). The FHFA index is their "purchase only" index. The Wall Street Journal index is converted from monthly to quarterly and its respondents are asked to predict the 12 month rate of house price change in the FHFA index. 23 The standard deviations of the quarterly price changes are 7.5 for the Case-Shiller series and 6.1 for the FHFA series. . 24 However, the WSJ expectations series predicts prices one year ahead, not contemporaneously. Thus, to a large extent, the WSJ panel of experts predicted that the house price change in the coming year would equal the change in the current year. The five-year-ahead Survey of Consumers price expectations index is the least volatile of all of the series. 25 In contrast to the observed pattern of house prices, the predicted average annual change for the coming five year period is always positive. This series is negatively correlated with contemporaneous house price changes (both FHFA and Case-Shiller). However, it is positively correlated with the observed price series lagged one year and highly positively correlated with observed prices lagged two years (0.71 with Case-Shiller and 0.67 with FHFA).
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A number of conclusions can be drawn from the above observations. First, the longer term house price expectations of households are relatively stable over time, which addresses one of the concerns of using a user cost type measure of housing affordability given that a user cost measure based on long term house price expectations should be relatively stable. Second, casual observation suggests that long term price expectations track observed house price changes, but with about a two year lag.
27 Third, U.S. households tended to be optimistic about long term changes in house price changes even when house prices were falling. 24 The standard deviation of the WSJ series is 3.2. 25 The standard deviation of the five-year-ahead Survey of Consumer series is 0.6 and 1.1 for the one-year-ahead series. 26 The one-year-ahead Survey of Consumer series of price expectations is positively correlated with contemporaneous price changes (0.82 and 0.85). 27 Simple OLS estimations that relate price expectations and lagged quarterly observations of observed house price changes found that the most significant coefficient occurs for an eight quarter lag. 28 The four counties listed in Table 1 Regional DHAIs are depicted in Figure 4 for 2007-2014. Housing is most affordable in the South and Midwest, and least affordable in the Northeast and West regions. This ordering is slightly different than the HAI, which indicates that the Midwest is the most affordable, followed by the South, Northeast, and West. One reason why the DHAI measure shows greater affordability for the South is that house price expectations were greater than in the Midwest during the sample period. The average difference in expectations between these two regions is 0.53 percentage points (2.01 versus 2.54). Thus, households in the South expect greater capital gains on housing, which increases the attractiveness of homeownership. During this period, house price expectations are greater in the Northeast (2.74) and West (3.27) than in the Midwest or South, but these differences are not sufficiently large to offset the house price differential across regions, the net result being lower DHAIs in coastal states. Substantial differences among areas are evident, generally following the pattern of differences in regional DHAIs. Housing is relatively affordable in Atlanta, Phoenix, Denver, Indianapolis, Columbus, Houston, Phoenix, and Washington, but relatively less affordable in Miami, San Francisco, and San Diego.
A weakness of the Survey of Consumers house price expectations data is the relative thinness of the sample size at the sub-regional level. The Housing Confidence Report survey of Zillow-Pulsenomics is limited to 20 metro areas, but there are 500 respondents per area, likely yielding better estimates of house 30 The values of the MSA level DHAI are in Table A 
The Relationship of Affordability Indexes to OwnerOccupied Housing Demand, Homeownership Rates, and Housing Market Characteristics
We emphasize that we are not estimating structural causal models in this section; rather, we are testing for reduced form relationships between affordability indexes and various housing market indicators. Significant correlations between an index and relevant indicators suggest that the index is achieving its defined purpose.
National Level
We first relate the national DHAI, HAI, and HOI to a measure of the annual demand for homeownership. We argue that if affordability is high then demand should be high. However, the demand for housing is unobservable. Our proxy for demand is taken from the Survey of Consumers; specifically, it is one of their consumer sentiment measures. The survey question is "Generally speaking, do you think now is a good time or a bad time to buy a house?" with answers "good", "bad", and "don't know". We measure the percentage that answered "good" and call this variable the "Good-time-to-buy". The regression includes only a single affordability index; supply side variables are not introduced.
The regression results on the demand for homeownership from 2003-2014 are displayed in Table 2 . The regressions relate DHAI, HAI, or HOI to the national Good-time-to-buy measure in a simple OLS framework. All of the results indicate that the demand for owner-occupied housing rises as affordability rises. 32 The coefficient of DHAI has the highest level of significance among the three indexes. The HAI is only marginally statistically significant. The elasticity of Good-time-to-buy with respect to DHAI is 0.64. et al. (2012) . Coefficients that are statistically significant using the 0.05 criterion are shown in bold.
We next consider whether the affordability indexes are contemporaneously correlated with variations in the national housing market outcomes including the homeownership rate, single family housing starts, and sales of new and existing single family homes during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . Housing market outcomes are influenced by both demand and supply side factors and thus we control for credit availability. The evaluation strategy of the three affordability indexes is a simple OLS regression, with the dependent variable being one of the housing market outcomes listed above, and the explanatory variables being the measure of credit availability and one of the affordability indexes. The expected sign of the credit availability index is negative and that of the affordability indexes is positive. The results are listed in Table 3 .
A relatively clear pattern emerges in Table 3 . The credit access variable performs as expected with a negative coefficient, which often is statistically significant. The DHAI measure of affordability has a positive coefficient and is statistically significant in the new and existing home sales regressions. It is not significant in the single-family housing starts or the U.S. homeownership rate regressions during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . In contrast, the HAI measure of affordability is not statistically significant in any regression except in the homeownership regression where it has a negative sign. The HOI measure is also not statistically significant in any regression.
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32 If a quadratic term is included, there is weak evidence that demand rises at a decreasing rate as affordability rises. 33 A referee suggested including a measure of rents in the housing market outcome equations. If included, it does not change the sign or significance of the DHAI while its coefficient is either not statistically different from zero or unexpectedly negative. 
Regional Level
Next, we estimate quarterly Good-time-to-buy regressions for the four Census regions for 2007-2014 (Table 4) . 34 The coefficients of DHAI and HAI are quite similar, have positive signs, and are statistically significant. This similarity of results may occur due to the shorter time period for this analysis. Note: Quarterly observations. Coefficients that are statistically significant using the 0.05 criterion are shown in bold.
We conduct a number of tests on whether the DHAI and HAI are contemporaneously correlated with housing market outcomes ( 2007-2014. homeownership model is OLS as the rates are directly comparable. 36 The same general pattern emerges in Table 5 as for the national market; the DHAI is statistically significantly correlated with regional variations in the housing market, including the homeownership rate. The regional HAI is positively correlated with variations in homeownership but has a negative coefficient for the other housing market outcomes.
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MSA Level
At the MSA level, we analyze quarterly building permits and the homeownership rate (Table 6 ). Again, the regression model includes regional fixed effects for permits but is pooled OLS for the homeownership rate. The sample size for HAI regressions is about half the size as for the other measure as the HAI has more limited availability at the MSA level (it started in 2006).
In the homeownership regression, the coefficients of all the affordability indexes are positive and statistically significant. The elasticities of homeownership with respect to the affordability indexes are estimated to be small: 0.07 for the DHAI, 0.09 for the HAI, and 0.12 for the HOI (at the means of the variables). The credit tightness index has the expected negative sign in the DHAI and HOI regressions. In the building permits regression, the DHAI coefficient is positive and significant. However, the coefficients for HAI and HOI are negative. The elasticity of building permits with respect to the DHAI is 0.42. 
Summary and Conclusions
Housing affordability indexes are used by policy makers, real estate practitioners, housing interest groups, households that are considering becoming first-time homeowners, and existing homeowners who are considering changing properties. A well-grounded index will assist these groups in their decision making and better clarify the impact of proposed policies on housing affordability.
36 Thus identification is from both time series and cross-sectional variations in the homeownership model, but only time series variations in the other housing outcome models. 37 If real regional rents are included in the regression, the coefficient of DHAI remains positive and significant, while the coefficient of the rental variable is most often not significantly different from zero. 38 If an MSA level rent variable is included, it has a positive sign in the building permits equation but is negative in the ownership equation. The coefficient of DHAI remains positive and statistically significant in the permits equation. A referee asked for a version of the regression that included a lagged dependent variable. We used the Arellano-Bond dynamic panel data method, which yields unbiased estimates. In the regional models (starts, new and existing sales) and the permits model for MSAs, the DHAI variables remained statistically significant and had a positive sign in all cases. Notes: Quarterly observations. Sample sizes are 620 for DHAI, 320 for HAI, and 618 for HOI regressions. Numbers in parentheses are tstatistics. Coefficients that are statistically significant using the 0.05 criterion are shown in bold. Building permits are measured in thousands. Regional fixed effects are included in the building permits regression.
We argue that current affordability measures are incomplete; they do not account for spatial and inter-temporal variations in some of the components of the costs of homeowners. Examples, depending on the index, include property taxes, the deductibility of mortgage interest and property taxes from federal income tax, depreciation and maintenance. To our knowledge, no existing index includes the impact of expected house price inflation and thus capital gains. We develop a new affordability index that remedies the above shortcomings. It accounts for the expectations of the future course of the housing market. Given that house price expectations are somewhat volatile, the new index is relatively dynamic compared to the HAI of the NAR and thus it is designated as the DHAI.
Our descriptive analysis of the DHAI compared with the HAI and the HOI of the NAHB finds similarities and differences at the national, regional, and MSA levels. The correlation of the two indexes always exceeds 0.5; however, intertemporal and locational differences are found. Specifically, we find that the expected rate of house price inflation varies nontrivially over both time and space. In localities with high expectations, there is a tendency for the DHAI to also be high, thus positively impacting affordability.
The three indexes of affordability are positively correlated with the opinions of households about whether it is a good time to buy a home, which is a proxy for housing demand. None are related to the downward national trend in homeownership rates from 2007 through 2014. However, all are positively correlated with the variations in regional and MSA homeownership rates during this time period. The DHAI has a stronger relationship with housing starts, building permits, and sales of new and existing housing in all geographies.
We recognize that measures of housing affordability contain ad hoc elements. We also conclude that the theoretical construct of owner costs is a useful tool in understanding housing affordability and its relationship with various aspects of the housing market. Given the increase in data availability, better measures of owner costs are feasible. Our evidence suggests that it is important to include the expectations of households of house price changes in the owner cost measure. The result, which we call the DHAI, is clearly related to contemporaneous changes in housing market characteristics including the measures of housing demand, housing starts, building permits, and sales of new and existing housing. This relationship holds at the national, regional, and MSA levels.
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